ABSTRACT -Veredas are wetlands typically found in the Brazilian Cerrado playing important environmental functions. The hydromorphic conditions control important processes and reactions occurring in these environments. The objective of this study was to assess the pH, redox potential (Eh), and electrolytic conductivity (EC) of water from five veredas located in the Triângulo Mineiro region, nearby Uberlândia and Uberaba, Minas Gerais State, Brazil. The pH and EC of water samples (in triplicate) collected in different positions (upper, middle and bottom) of the selected wetlands were monitored monthly from September 2014 to September 2015. Eh was monitored in an incubation experiment using soil samples from the superficial layer (0-20 cm) and subsurface layer (40-70 cm) of the middle position of two of the selected veredas. In general, pH ranged from 3.4 to 6.5 throughout the year. For EC, the values ranged from 1.0 to 67.0 μS cm -1 . Most of the year, pH was between 4.2 and 5.1 and EC was around 9.0 μS cm -1 . Under laboratory conditions, Eh decreased from oxidic conditions to suboxidic (reduced) conditions. There were no significant differences between the wetlands and soil layers regarding the variation of Eh.
INTRODUCTION
Veredas are wetland environments typically found in the Cerrado, which play a great environmental importance (JUNK et al., 2013) . These wetlands are mainly related to the existence and perenniality of watercourses, groundwater recharge, headwaters incidence (CARVALHO, 1991; FERREIRA, 2005) , besides acting as source of food and shelter for fauna (GUAMARÃES; ARAÚJO; CORRÊA, 2002) , and carbon stock and greenhouse gas emissions (MITSCH et al., 2012; NEUE et al., 1997) . These environments are characterized by hydromorphic soils (Gleysols and Organosols) commonly associated with the presence of buriti palms (Mauritia flexuosa L. f) (RAMOS et al., 2006) .
Given its position in the landscape (depressions), the wetlands are subject to contamination by sediments of erosion and flood, and can act as a site of accumulation of pollutant elements and molecules (BAI et al., 2010; GRYBOS et al., 2007; GRYBOS et al., 2009; JACOB et al., 2013; LOCKWOOD et al., 2015; ROSOLEN et al., 2015) . In this context, we can highlight the great transformation to which the Cerrado environment has undergone over the last 40 years, with the conversion of native vegetation into areas of grasslands, grain production and planted forests (LOPES; GUILHERME, 2016) . Changes in land use can significantly influence the balance of tropical wetlands (NEUE et al., 1997) .
In hydromorphic environments, electrochemical properties such as pH and redox potential (Eh) are extremely important since they control various processes and reactions, such as: soil charge (organic and mineral) (CAMARGO; SANTOS; ZONTA, 1999; SILVA et al., 2015) ; decomposition and solubilization of organic matter (OLIVIE-LAUQUET et al., 2001) ; form, availability and mobility of elements (ESSINGTON, 2005; GUILHERME et al., 2005) ; and greenhouse gas emissions (MITSCH et al., 2012) . Despite its importance, few studies regarding electrochemical properties of the wetlands in Brazilian Cerrado have been found in the literature.
The objective of this study was monitoring monthly (from Sept. 2014 to Sept. 2015 the changes in water table depth, water pH and water electrolytic conductivity (EC) in Cerrado wetlands (Veredas) nearby Uberlândia and Uberaba, Minas Gerais State, Brazil. Also, to evaluate redox potential variation under laboratory conditions.
MATERIAL AND METHODS
Five patches of Cerrado wetlands (W1, W2, W3, W4, and W5) were selected nearby Uberlândia and Uberaba, Minas Gerais State, Brazil. The geographic coordinates and altitudes are shown in Table 1 . The local climate is classified as "Aw" (Köppen's classification), with dry (beginning of April to end of August) and rainy (beginning of September to end of March) seasons well defined. The lowest historical mean daily rainfall occurs in mid-July, and the highest in the last and first 10-day period of December and January, respectively (RIBEIRO; COSTA JUNIOR; SILVA, 2013).
The local historical weather data related to temperature and rainfall from 1981 to 2013 ( Figure 1) were gathered from the database of the Climatology and Water Resources Laboratory of the Federal University of Uberlândia (LACRH/UFU). Whereas the study period dataset (September 2014 to September 2015) was obtained from the Brazilian National Institute of Meteorology (INMET, 2016) .
For each wetland patch, three transects were established (T1, T2, and T3), which consisted of imaginary lines towards the slope and perpendicular to the wetland flow, within the hydromorphic region spaced in nearly 50 m (Figure 2 ). Each transect was split into upper, middle, and bottom position. Then, PVC tubes (1.5 m long and 15 cm diameter) were stuck in the upper and middle positions at 1.0 m depth. These tubes functioned as piezometers for water table depth measuring and water sampling. We made 2-mm holes on the underground tube part for lateral water entry. As stated above, there were nine sampling points per wetland patch. In the bottom position, samples were taken from the surface water by immersing a collector pot to a 10-cm depth.
Monthly, from September 2014 to September 2015, the water table depth was recorded and water samples from tubes were carried out for laboratory determination of pH and electrolytic conductivity (EC). Water table depth variation curves were obtained as a function of time. Flooded layers were integrated through Image J software (version 1.5f3), allowing the estimative of the number of days that the layers 0-20 cm and 40-70 cm remained completely saturated between September 2014 and September 2015.
An incubation experiment was carried out under lab conditions to measure the redox potential (Eh) variation as function of waterlogged time. The samples were collected from layers 0-20 cm (organic layer) and 40-70 cm (gley layer) of W1 and W3. W1 is representative of a geomorphic area, known as Chapada, being characterized by clayey and very clayey soils. W3 is representative of a geomorphic surface and is characterized by sandy sediments (Bauru formation). After collection, the samples were air dried and passed through a 2-mm Electrochemical attributes of water from Cerrado wetlands (Veredas), Triângulo Mineiro region, Brazil sieve. Then, they were packed into PVC tubes (10-cm height and 12-cm diameter) filled to a height (h) corresponding to the total soil volume (750 cm -3 ). Soil bulk density of surface-layer samples from W1 and W3 were 0.70 and 0.88 g cm -3 , respectively. Yet, the values for subsurface samples (W1 and W3) were 1.00 ( 1) Where: TP is the total pore volume (cm 3 cm -3 ); Ds is soil bulk density (g cm -3 ), and Dp is particle density (g cm -3 ). Dp was determined by the volumetric flask method (BLACK; HARTGE, 1986 th , and 32 nd . Eh measurements were performed using a HANNA portable meter (model HI991002) with an Ag/ AgCl electrode; the measures were corrected to a standard hydrogen electrode (JARDIM, 2014) . Table 2 shows some of the soil properties used in the incubation test. Table 2 -Some properties of soil samples from the 0-20 cm and 40-70 cm layers of W1 and W3 used in the Eh incubation experiment *soil pH at the soil: water ratio of 1: 2.5. Clay, sand, and silt contents determined by the pipette method. TOC -total organic carbon. All the determinations were according to Embrapa (2011) Wetland/Layer pH* Clay 
RESULTS AND DISCUSSION
In the middle position of W1, the water table was initially at a 30-cm depth, emerging to the surface after the onset of rains (November 2014), and remained practically constant until September 2015. As for the upper position, the water table was initially at 70-cm depth (September 2014), and then, close to the surface in December 2014, dipping again from April 2015 on.
Although the sampling point of W2 had been placed in a hydromorphic region (indicated by gley coloring and mottling), the water table was below a depth of 100 cm in the upper position. In the middle position, the water table was identified at a depth of 80 to 100 cm, only from December 2014 to April 2015. Concerning the bottom position of the wetlands, the soil remained saturated with water close to the surface throughout the studied period. For the middle and upper positions, the floods were periodical (Figure 3 ). Waterlogging in wetlands is responsible for organic matter increase and the formation of Organosols, and redox conditions allowing the formation of Gleysols (RAMOS et al., 2006) . Seasonal flooding is typical of palm swamps, influence oxy-reduction processes, and electrochemical behavior of soil solid-phase (CAMARGO; SANTOS; ZONTA, 1999). Based on the water table depth variations over time, as shown in Figure 3 , we could estimate how long a given layer of the wetlands remained flooded (Table 3 ).
There was a pH variation in water samples over time (Figure 4) . For all wetlands regardless the position, average pH was 5.0, with minimum and maximum values of 3.4 and 6.5, respectively. Overall, pH variation (maximum to minimum) decreased in all wetlands as follows: upper position > middle position > bottom position. The highest variation was observed for upper position of W3 (2.9 pH units), and the lowest for bottom position of W4 (0.9 pH units).
EC also varied throughout the year in all wetlands ( Figure 5 ). During the studied period, all the wetlands showed greater variation in EC for the middle and upper positions (when the water was present). In the bottom position, EC remained constant over time. In September 2014, a maximum EC (~ 20 µS cm -1 ) occurred in the middle position of W1 with no significant differences among the sampling positions from December 2014 to August 2015. A similar behavior was observed for W3 and W4. However, in September 2014, EC surpassed 40 µS cm -1 in W3. In W5, it was below 30 µS cm -1 with peaks in June and September 2015.
Figure 6 (a) and (b) show the variations in Eh, pE, and pH of the samples from 0-20 cm and 40-70 cm layers in W1 and W3. These results were obtained under lab conditions for a 32-day incubation period. According to Husson (2013) , the redox potential in soils has high-amplitude fluctuations, being temporally influenced by daily cycles and strong seasonal influences. In general, Eh is rapidly reduced once the soil is saturated (flooding), restoring the normal level within a few days after soil drainage (HUSSON, 2013 (SILVA et al., 2015) . No significant differences were observed among the samples (Figure 6a and 6b) . As early as the first days of incubation, we noted the diffusion of samples from a zone considered oxidic to another with suboxidic conditions. In addition, the surface layer sample of W3 reached an anoxic zone at the end of the incubation period. Since H + ions are consumed in reducing environments, after a time of flooding, the pH also increases (Figure 6 ). These changes in Eh and pH are determinant for the form, mobility, and availability of elements and substances (GUILHERME et al., 2005) . Furthermore, Silva et al. (2000) observed increases in Fe, P, S, Mn, Cu, and Zn after soil flooding with consequent reduction of iron and manganese oxides, besides a concomitant production of organic complexing agents.
For low pH (<5), Rosolen et al. (2015) have already reported the presence of more mobile and soluble metal complexes in the wetlands of Triângulo Mineiro, what might have promoted the migration of As, Cr, Mn and Ni towards deepest soil layers. Conversely, Martins et al. (2011) reported higher cation exchange capacity and a most effective complexation by soil organic matter under increasing pH values.
When studying trace elements commonly present in contaminated areas, Srivastava, Singh, and Angove 
Position
Layer (2005) observed the configuration of adsorption sites as a function of pH on a kaolinite surface (1:1 clay mineral present in the area under study). In this study, the adsorption sequence found for pH 50 values (the one at which half of the available elements are adsorbed) was Cu <Zn <Pb <Cd. Adsorption at permanent sites predominated for values up to 5.7, 6.0, 7.3, and 8.0 for the elements Cu, Pb, Zn, and Cd, respectively.
On the 32 nd day of incubation, Eh ranged from 574 to 51 mV (layer 0-20 cm) and from 508 to 237 mV (layer 40-70 cm) in W1 (very clayey soil in the Chapada). The superficial layer (more organic) showed a greater variation (reduction of 524 mV) if compared to the subsurface layer (gleyzed), which had a reduction of 271 mV. The pH varied from 4.5 to 6.3 (layer 0-20 cm) and from 4.8 to 5.5 (layer 40-70 cm).
Meanwhile, for wetland 3 (sandy soil in the Bauru surface) the variation was from 489 to 276 mV (layer 0-20 cm) (reduction of 213 mV) and from 505 to 283 mV (layer 40-70) (reduction of 222 mV). Furthermore, the pH increased from 4.2 to 5.7 and 4.6 to 5.5 (0-20 cm layer and 40-70 cm, respectively). While elements such as As, Se, Mn, and Fe are directly influenced by the oxidation conditions, Cd, Pb, Ni, Zn, and Cu are not directly affected by electron transfer. The following considerations about some elements of environmental relevance are based on the redox speciation diagrams presented by Essington (2005): a) As: in the oxidic and suboxidic zone ( Figure  6 ) will occur the forms H 3 AsO 4 0 , H 2 AsO 4 -, and HAsO 4 2-. In the anoxic zone and between pH 4.0 and 6.5, As will occur as As(OH) 3 0 . Under anoxic condition and very high pH (> 9.0), the As (OH) 4 -form will occur. (Figure 6 ), the predominant Fe form was Fe 2+ .
e) Cd, Pb, Ni, Zn e Cu: under oxidic conditions, the concentration of these elements in the soil solution is given by the soil reaction (ion exchange) and sorption in the solid phase. Such elements are also controlled by the solubility of their carbonates, hydroxy-carbonates, and phosphates. Under reducing conditions, precipitation of these elements may occur due to the pH increase. If the environment contains S, which will be in the reduced form (S 2-), stable forms of sulfides may occur CdS, PbS, NiS, ZnS, and CuS.
When a similar flooding study was carried out under laboratory conditions, using samples of the 0-20 cm layer of a Haplic Gleysol from the Amazonia, the initial Eh of + 49 mV decreased to -206 mV on the third day, stabilizing at -390 mV after the 39 th day (SILVA et al., 2015) . The decrease in Eh was accompanied by an increase in pH (from 5.8 to 7.2). Additionally, changes in Eh and pH affected the availability of P, S, Fe, Mn, Cu, and Zn.
Likewise, Grybos et al. (2009) found an Eh reduction under lab conditions, which initially was 5 50 mV, and then stabilized at -100 mV after 300 hours. This reduction was accompanied by an increase in pH, Silva et al. (2015) mentioned whether the reported Eh values were corrected to the standard hydrogen electrode. Jardim (2014) has already critically approached such need for correction.
Since Eh and pH stabilize after a flooding period and based on the number of days a year in which a layer was fully flooded (Table 3) , we can infer how much a system remained under suboxic or anoxic conditions. As an example, after 32 days of incubation, W1 surface layer reached an anoxic condition ( Figure 6 ). Under natural conditions, this soil material remained flooded for 149 days from September 2014 to September 2015. In addition, based on the variation curves of subsurface water depth, we may check the frequency of oxidation and reduction cycles. Olivie-Lauquet et al. (2001) studied seasonal changes in water table depth and their effects on the cycling and transfer of trace elements in wetlands of France. Finally, the dissolved concentrations of Fe, Mn, Al, La, U, Th, Cd, and As were strongly influenced by the changes in Eh, pH, and dissolved organic carbon.
CONCLUSION
During the evaluation period (September 2014 to September 2015) , water pH in the studied wetlands ranged from 3.4 to 6.5, remaining most of the year between 4.2 and 5.1. The electrolytic conductivity ranged from 1.0 to 67.0 μS cm -1 , and average of 9.0 μS cm -1 . Under laboratory conditions, Eh decreased from oxidic to suboxidic conditions, and no significant differences among the soil materials (surface or subsurface) for all studied wetlands were observed.
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